A new experimental technique combining molecular beams, photoionization, and guided beam ion optics has been used to study several isotopic H 2 + + H 2 reactions. The technique is described. By using this method we are able to observe the effects of both reagent translational and vibrational energy. Cross sections are reported for charge transfer, H 3 + formation. and collision induced dissociation. Evidence is seen for competition between the channels, charge hopping in the reaction entrance channel, potential energy surface hopping, reaction on excited potential surfaces, and isotopic scrambling. A model for the reaction which takes into account the multi-surface nature of the system seems to explain the results satisfactory.
is exoergic by 1.7 eV and, contrary to early speculation, appears to proceed almost entirely by a direct mechanism 3 • 5 without any observable barrier. 5 • 6 Studies of (Hz)z photoionization in our labora-+ tory also indicate that H 4 is indeed unstable with respect to H; + H, demonstrating the lack of a barrier to reaction. 10 The reaction cross section is very large (ca. 100 AZ) at thermal energies, and falls off rapidly with increasing collision energy. 5 • 6 In the available experimental work, there are two observations that indicate the existence of complexities in this apparently simple We have recently completed construction of an apparatus which allows the study of the vibrational and translational energy dependence of ion molecule reaction cross sections at high resolution. Since H; + H 2 is an ideal system, we have elected to start with it. This paper reports the design of our apparatus and our results on triatomic ion production, charge exchange and collision induced dissociation in the H~ system. 6 
II. EXPERIMENTAL
A schematic of the apparatus, which consists of a photo ionization source, radio frequency beam guide ion optics and an ion detector, is shown in Fig. 1 . The source of vacuum UV photons is a 9" capillary discharge lamp.
Depending on the photon wavelength desired, we use either a d.c. discharge in Hz (900-1650 A), or in the present case, a pulsed discharge in helium (700-900 A). This effective potential has very steep repulsive walls, close to the ideal case, a square well. Thus the rf trap behaves as an ion guide 8 or pipe. The guided beam technique is slightly more difficult to construct than conventional de ion optics, but it has several major advantages, The most important of these is that none of the ions formed are lost in transit from source to reaction chamber. It is possible to achieve 100 percent transmission without resorting to typical accelerating~decelerating ion lens systems which tend to destroy the ion beam energy resolution.
time-of-flight, is smaller than 50 meV.
Our beam spread, measured by
Another advantage is that the octopoles effectively shield low energy ions from stray fields, and to some extent reduce sensitivity of the beam to contact potentials.
Evidence for this is that an ion beam can be generated at energies The cross sections from both types of measurements are compared, and usually agree to within ±5%. Having both types of information allows correction for any small systematic errors, and identification of bad data.
Thus it is possible to obtain cross sections accurate in both their colli~ sion energy and wavelength (vibrational state) dependence.
These data can then be deconvoluted using the vibrational state distribution generated at each ionization energy in order to obtain cross Although the present experiments focus on the reactive channel, limited data were also obtained for the collision~induced dissociation and charge transfer channels in order to investigate competition between these processes.
A. Triatomic ion production,
Cross sections have been measured for the reactions: + + Figure 6 shows the ratio of the D production to the H production.
Although there are large variations in the ratio as a function of o;
reagent vibrational state at low energies, for energies above 5 eVj where the cross sections level off, the ratio is 3 within experimental error.
This is just the ratio of D atoms to H atoms in the reagents. We have also Hopping to an upper PES may also explain why both reactions show a strong vibrational enhancement in the intermediate collision energy
range (1 to 3 eV). It may be that the system hops to the first excited PES as discussed above~ but now has sufficient collision energy to surmount the barrier to reaction on the upper surface. If the excited PES reaction mechanism is more efficient than the ground state reaction~ then we would expect to see net vibrational enhancement. If this mechanism is responsible for the observed enhancement, our data would yield a value of ~1 eV for the barrier.
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As the collision energy increases above 1 eV the magnitude of the In any case, it is possible that at least part of the observed CID occurs through triatomic product decomposition, and thus + competition between CID and D 2 H formation is not unreasonable.
At high collision energies, both channels have similar magnitude cross sections, and both involve substantial rearrangement of the collision partners.
Examination of Fig. 3 show that while the formation of D 2 H+ 11 ) reaction. Part of this is no doubt due to the fact that the cross section for "atom transfer 11 is smaller than that for "proton transfer, 11 and thus appears to be more strongly effected by the competition with CID. 
